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ABSTRACT 

Static-force  tests  were  conducted  on  a  separable-pod  crew  escape  capsule  in  close 
proximity  to  the  forward  section  of  the  airplane  fuselage.  The  capsule  escape  rocket 
exhaust  plume  was  simulated  with  high  pressure  air.  Data  were  obtained  at  Mach  numbers 
of  0.3,  0.6,  0.9,  and  1.2  at  capsule  angles  of  attack  from  -15  to  22  deg  and  angles  of 
sideslip  from  0  to  15  deg  for  various  positions  of  the  capsule  relative  to  the  fuselage 
section.  All  testing  was  conducted  at  a  fuselage  angle  of  attack  and  angle  of  sideslip  of 
zero.  Without  jet  simulation  the  interference  effects  from  the  fuselage  were  relatively 
small.  With  jet  simulation  there  was  a  large  effect  on  the  aerodynamic  coefficients, 
especially  when  the  capsule  was  over  the  fuselage  cavity. 
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NOMENCLATURE 

A  Reference  area  (capsule  frontal  area),  14.520  in.2 

CD  Drag  coefficient,  drag/q^A 

CL  Lift  coefficient,  lift/q^A 

CM  Pitching-moment  coefficient,  pitching  moment/qMA2 
2.  Reference  length,  8.978  in. 

M_  Free-stream  Mach  number 

pc  Jet  chamber  pressure,  psia 

P„  Free-stream  static  pressure,  psia 

q„  Free-stream  dynamic  pressure,  psi 

X  Longitudinal  separation  distance  between  the  capsule  and  fuselage,  in  the  wind 

axis,  and  measured  from  the  capsule  moment  reference  point  before  separation 
to  the  capsule  moment  reference  point  after  separation,  in.  (Fig.  3) 

Y  Lateral  separation  distance  between  the  capsule  and  fuselage,  perpendicular  to 

the  X-Z  plane,  and  measured  as  noted  for  X,  in.  (Fig.  3) 

Z  Vertical  separation  distance  between  the  capsule  and  fuselage,  perpendicular  to 

the  wind  axis,  and  measured  as  noted  for  X,  in.  (Fig.  3) 

ac  Capsule  angle  of  attack,  deg 

0C  Capsule  angle  of  sideslip,  deg 
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SECTION  I 
INTRODUCTION 

This  investigation  was  conducted  to  provide  aerodynamic  data  for  investigating 
crew  escape  systems,  at  transonic  flight  conditions.  The  interference  effects  upon  the 
capsule  due  to  both  the  proximity  of  the  fuselage  forebody  and  the  cold  air  jet 
simulation  of  the  separation  rocket  were  determined.  Static  stability  force  and  moment 
parameters  were  obtained  on  a  separable-pod  capsule  supported  from  a  remotely 
controlled  system  that  positioned  the  forward  section  of  the  airplane  fuselage  with 
respect  to  the  capsule  and  provided  pitch  or  yaw  of  the  capsule.  The  fuselage  section 
position  relative  to  the  capsule  was  varied  from  17  in.  aft  to  20  in.  forward  of  the 
capsule,  and  from  3  to  10  in.  above  the  capsule.  Laterally  the  capsule  was  aligned  with 
the  fuselage  for  the  pitch  runs  and  was  tested  aligned  and  offset  5  in.  to  the  side  of  the 
fuselage  for  the  yaw  runs.  Data  were  obtained  at  capsule  angles  of  attack  from  -15  to  22 
deg  and  capsule  angles  of  sideslip  from  0  to  15  deg.  The  fuselage  angle  of  attack  and 
angle  of  sideslip  were  zero.  Testing  was  conducted  at  nominal  free-stream  Mach  numbers 
of  0.3,  0.6,  0.9,  and  1.2  for  both  jet  off  and  with  air  used  to  simulate  the  rocket  jet 
plume. 


Tests  on  this  same  model  using  the  same  support  system  have  been  conducted 
previously  in  the  von  Karmdn  Facility  at  Mach  numbers  from  2  to  5.  The  results  are 
presented  in  Ref.  1. 


SECTION  II 
APPARATUS 


2.1  TEST  FACILITY 

The  Aerodynamic  Wind  Tunnel,  Transonic  (4T)  is  a  closed-loop,  variable  density 
tunnel.  It  is  capable  of  operating  at  Mach  numbers  from  0.10  to  1.40  with  a  variable 
stagnation  pressure  from  300  to  3700  psfa  at  all  Mach  numbers.  The  test  section  is  4  ft 
square  and  12.5  ft  long  with  variable  porosity  walls  (0  to  10  percent)  and  top  and 
bottom  walls  that  can  be  diverged  or  converged  (±0.5  deg).  The  test  section  is  completely 
enclosed  in  a  plenum  chamber  from  which  the  air  can  be  evacuated,  thus  allowing  part  of 
the  airflow  to  be  removed  through  the  test  section  walls.  This  design  allows  control  of' 
wave  attenuation  and  blockage  effects.  Additional  information  on  the  tunnel  may  be 
found  in  Ref.  2.  A  schematic  of  the  test  section  showing  the  location  of  the  test  model  is 
shown  in  Fig.  1  (Appendix  I). 

2.2  TEST  ARTICLES  AND  SUPPORT  SYSTEM 

The  separable-pod  crew  escape  capsule  model  and  the  fuselage  section  model 
(Figs.  2  through  4)  were  seven-percent  scale  models  of  a  hypothetical,  two-place, 
side-by-side,  high-speed  aircraft. 

The  escape  capsule  rocket  nozzle  was  positioned  in  a  cutout  on  the  lower  aft 
portion  of  the  capsule  model  (Fig.  2c)  and  was  attached  to  the  sting  in  such  a  manner 
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that  the  balance  did  not  measure  the  jet  reaction  force.  Details  of  the  nozzle  are  given  in 
Fig.  2d. 


The  fuselage  section  details  are  given  in  Fig.  2b.  The  insert  (cross-hatched  section) 
was  removed  to  provide  clearance  for  the  capsule  sting  support  during  pitch  runs  when 
the  capsule  was  located  3  in.  above  the  fuselage.  The  three  vent  holes  shown  on  the 
fuselage  were  to  allow  the  jet  exhaust  gas  to  escape  from  the  cavity  when  the  capsule  was 
in  close  proximity  to  the  fuselage. 

Photographs  of  the  capsule  and  fuselage  mounted  on  the  support  system  are 
presented  in  Fig.  4.  This  support  system  allowed  remote  control  of  capsule  angle  of 
attack  and  the  capsule  to  fuselage  position  in  three  directions.  Capsule  pitch  and  vertical 
separation  were  accomplished  with  two  pitch  mechanisms  (fore  and  aft,  see  Fig.  1 )  which 
for  this  test  gave  capsule  angles  of  attack  from  -15  to  22  deg  at  vertical  separations  from 
3  to  10  in.  Longitudinal  separation  was  accomplished  by  a  drive  mechanism  which 
traversed  the  fuselage  approximately  17  in.  aft  and  20  in.  forward  of  the  capsule.  Lateral 
separation  was  produced  by  a  drive  mechanism  which  traversed  the  capsule  relative  to  the 
fuselage.  For  capsule  sideslip  data  both  models  were  rolled  90  deg  on  the  support  system 
in  order  to  use  the  pitch  mechanisms  to  yaw  the  capsule. 

2.3  INSTRUMENTATION 

Capsule  force  measurements  were  made  with  a  six-component,  moment-type, 
strain-gage  balance.  The  model  attitude  and  position  were  determined  from  calibrated 
potentiometers.  Jet  chamber  pressure  was  measured  with  a  1000-psia  transducer  which  is 
considered  accurate  to  within  one  percent  of  capacity.  Static  pressure  measurements  were 
obtained  at  the  base  of  the  model  and  in  the  balance  cavity.  Electrical  signals  from  the 
balance,  pressure  transducers,  and  potentiometers  were  digitized  and  recorded  on 
magnetic  tape  as  well  as  fed  directly  to  a  computer  for  on-line  data  reduction.  The 
balance  outputs  were  also  recorded  on  an  oscillograph  for  monitoring  of  model  dynamics. 

SECTION  III 
TEST  DESCRIPTION 


3.1  PROCEDURE 

Data  were  obtained  at  nominal  free-stream  Mach  numbers  of  0.3,  0.6,  0.9,  and 
1.2.  The  simulated  altitude  and  jet  chamber  to  free-stream  static  pressure  ratio  for  each 
Mach  number  are  presented  in  Table  I  (Appendix  II).  A  comparison  of  the  full-scale 
plume  shape  and  the  model  plume  using  air  is  shown  in  Fig.  5.  A  summary  of  the  model 
attitudes  at  which  the  test  was  conducted  is  presented  in  Table  II.  The  capsule  attitudes 
and  positions  in  this  table  are  nominal  values  which  do  not  include  deflections  of  the 
sting  and  balance.  Each  group  of  data  was  obtained  by  setting  a  constant  value  of  ac  or 
0c,  Y,  and  Z  and  varying  X.  All  testing  was  conducted  at  a  fuselage  angle  of  attack  and 
angle  of  sideslip  of  zero.  In  order  to  obtain  data  more  rapidly,  X  was  varied  continuously 
as  data  were  being  taken.  The  longitudinal  separation  (X)  was  varied  from  approximately 
-17  to  20  in.  except  when  limited  due  to  model  fouling.  For  each  test  condition  and 
model  attitude  data  were  recorded  for  both  jet  off  and  jet  on. 
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3.2  DATA  REDUCTION 

Measured  force  and  moment  data  were  reduced  to  coefficient  form  in  the  stability 
axes  system.  The  moments  were  transferred  to  the  moment  reference  station  shown  in 
Fig.  2a.  Forebody  drag  coefficient  was  obtained  by  correcting  the  measured  axial  force 
for  base  drag. 

3.3  PRECISION  OF  MEASUREMENTS 

An  estimate  of  the  precision  of  the  data  is  presented  in  Table  III  for  Mach 
numbers  0.6  and  1.2.  The  estimated  accuracies  of  the  coefficients  were  computed  by  the 
law  of  propagation  of  errors. 


SECTION  IV 

RESULTS  AND  DISCUSSION 

The  objective  of  this  investigation  was  to  obtain  aerodynamic  force  and  moment 
data  on  the  escape  capsule  to  determine  interference  effects  due  to  the  fuselage  forebody 
and  the  rocket  exhaust  plume.  Presented  in  Table  II  is  a  summary  of  all  model  attitudes 
and  positions  at  which  data  were  obtained.  In  order  that  a  timely  documentation  of  the 
test  may  be  made,  only  the  capsule  pitch  data  are  presented  in  this  report.  A  complete 
set  of  plots  for  all  model  attitudes  will  be  furnished  AFFDL  as  well  as  plots  of  the 
coefficients  versus  ac  and  Pc  to  aid  in  their  analysis  of  the  results.  An  extensive  analysis 
of  the  data  is  beyond  the  scope  of  this  report;  however,  general  comments  on  the  results 
are  presented. 

Data  are  presented  in  Figs.  6  through  1 3  showing  the  lift,  drag,  and 
pitching-moment  characteristics  of  the  escape  capsule  for  the  various  model  pitch 
positions  and  test  conditions.  Data  obtained  with  the  jet  off  are  presented  in  Figs.  6,  8, 
10,  and  12  for  Mach  numbers  0.3,  0.6,  0.9,  and  1.2,  respectively.  Jet-on  data  are 
presented  for  the  same  Mach  numbers  in  Figs.  7,  9,  11,  and  13.  Parts  a,  b,  c,  d,  and  e  in 
the  figures  are  for  vertical  separation  distances  (Z)'of  3,  4,  5,  6,  and  10  in.,  respectively. 
The  data  are  faired  in  regions  where  there  are  peaks,  otherwise  the  symbols  are 
considered  close  enough  together  to  indicate  data  trends.  For  Z  =  3  in.  data  could  not  be 
obtained  at  positive  X  values  greater  than  five  because  of  fouling  between  the  capsule  and 
fuselage.  The  traverse  was  also  limited  at  other  values  of  Z  at  the  higher  capsule  angles  of 
attack. 


With  the  jet  off,  the  fuselage  interference  effects  on  the  lift,  pitching  moment, 
and  drag  were  relatively  small  and  decreased  as  vertical  separation  increased.  The  trends 
were  similar  for  each  of  the  subsonic  Mach  numbers,  with  the  primary  effects  occurring 
at  positive  values  of  X  where  the  fuselage  was  forward  of  the  capsule  mate  position.  The 
variations  in  the  data  were  similar  regardless  of  the  capsule  pitch  angle.  Pitching  the 
capsule  to  angle  of  attack  seemed  to  change  only  the  level  of  the  coefficients.  At  M»  = 
1.2  the  interference  effects  were  larger  and  more  widespread  than  those  at  subsonic  Mach 
numbers.  This  is  attributed  to  shock  interactions  from  the  fuselage  at  this  Mach  number. 
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With  the  jet  on,  the  interference  effects  were  large  in  the  region  where  the  jet 
plume  was  impinging  in  the  fuselage  cavity,  particularly  at  =  0.3.  The  interference 
effects  on  lift  were  similar  for  all  Mach  numbers  and  consisted  of  a  positive  peak  between 
X  =  0  and  X  =  -5  in.  At  =  0.3  the  pitching  moment  changed  rapidly  in  the 
interference  region,  going  from  a  negative  peak  to  a  positive  peak.  For  the  Mach  numbers 
greater  than  0.3  the  negative  dip  in  pitching  moment  was  not  as  pronounced;  however, 
there  were  two  or  more  positive  peaks  when  the  capsule  was  in  close  proximity  to  the 
fuselage  (Z  <  5  in.).  The  negative  peaks  in  drag  coefficient  indicate  the  jet  interaction  is 
increasing  the  pressure  on  the  aft  portion  of  the  capsule  as  it  moves  across  the  fuselage 
cavity.  As  the  angle  of  attack  increased,  the  peaks  became  greater  for  all  of  the 
coefficients.  This  indicates  that  the  flow  interaction  causes  the  pressure  to  increase  on  the 
bottom  and  aft  portion  of  the  capsule  as  the  jet  plume  becomes  more  normal  to  the 
fuselage. 


SECTION  V 

CONCLUDING  REMARKS 

The  results  of  a  test  conducted  at  Mach  numbers  from  0.3  to  1.2  on  an  escape 
capsule  to  determine  the  interference  effects  due  to  both  the  proximity  of  a  fuselage  and 
capsule  rocket  exhaust  plume  led  to  the  following  concluding  remarks.  Without  jet 
simulation  the  interference  effects  were  relatively  small,  insensitive  to  angle  of  attack,  and 
decreased  with  vertical  separation  from  the  fuselage.  With  jet  simulation  there  was  a  large 
effect  on  the  aerodynamic  coefficients,  especially  when  the  capsule  was  over  the  fuselage 
cavity.  The  peak  coefficients  increased  as  angle  of  attack  was  increased.  The  largest  effect 
on  the  coefficients  was  at  M.  =  0.3. 
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TYPICAL  PERFORATED  WALL  CROSS  SECTION 


TUNNEL  STATIONS  AND  DIMENSIONS  ARE  IN  INCHES 


Fig.  1  Schematic  of  Model  in  Test  Section 
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a.  Capsule  Details 
Fig.  2  Model  Details 


Moment 

Reference 


Point 


Balance  Shroud 
Balance 


Nozzle  Air 

-  Separable-  Pod  Escape  Capsule  Model  S  upply  I 


Nozzle  Stilling  Chamber 


Nozzle  Thrust  Axis 
(Angle  with  Fuselage 
Reference  Line  *  50  deg) 


c.  Capsule  Installation  Sketch 
Fig.  2  Continued 
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d.  Nozzle  Details 
Fig.  2  Concluded 


Capsule  in  Escape  Attitude 


a.  Pitch  Plane 

Fig.  3  Capsule  and  Fuselage  Proximity  Details 


Capsule  in  Escape  Attitude 


b.  Yaw  Plane 
Fig.  3  Concluded 


a.  Models 

Fig.  4  Installation  Photographs 
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Fig.  5  Comparison  of  Full-Scfale  and  Model  Plume  Shapes 
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Fig.  6  Lift,  Pitching-Moment,  and  Drag  Characteristics  of  the  Capsule 
at  Various  Angles  of  Attack,  Jet  Off,  Y  =  0,  M.  =  0.3 
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b.  Z  =  4  in. 
Fig.  6  Continued 
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c.  Z  =  5  in. 
Fig.  6  Continued 
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e.  Z  =  10  in. 
Fig-  6  Concluded 
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a.  Z  =  3  in. 

Fig.  7  Lift,  Pitching-Moment,  and  Drag  Characteristics  of  the  Capsule 
at  Various  Angles  of  Attack,  Jet  On,  Y  =  0,  M„  =  0.3 
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Fig.  7  Continued 


23 


ai*a-  ao'O  oro  r*o  «*a 


c.  Z  =  5  in. 


AEDC-TR-70-52 


d.  Z  =  6  in. 
Fig.  7  Continued 
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Fig.  8  Continued 
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d.  Z  =  6  In. 
Fig.  8  Continued 
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e.  Z  ^  10  in. 
Fig.  8  Concluded 
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a.  Z  =  3  in. 

Fig.  9  Lift,  Pitching-Moment,  and  Drag  Characteristics  of  the  Capsule 
at  Various  Angles  of  Attack,  Jat  On,  Y  =  0,  M„  =  0.6 
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Fig.  9  Continued 
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Fig.  9  Continued 
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Fig.  9  Continued 
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Fig.  11  Continued 
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Fig.  12  Continued 
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TABLE  I 

TEST  CONDITIONS 


Nominal 

M. 

Simulated 

Pressure 

Altitude,  ft 

Pc/Po, 

0.  3 

0 

1*,  40.8 

0.  6 

0 

1,  40.8 

0.  9 

19, 160 

1,  85.7 

1.  2 

30,  040 

1,  137.5 

*Jet-off 
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TABLE  II 

SUMMARY  OF  MODEL  ATTITUDES 


Note:  Data  obtained  at  Mach  numbers  0.  3,  0.  6,  0.  9, 
and  1.  2,  except  as  noted. 

*Mach  numbers  0.3,  0.6,  0.9 

**Mach  numbers  0.  6,  0.  9,  1.2 

t  Fuselage  fairing  removed. 
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TABLE  Ml 

PRECISION  OF  DATA 


Mg,  =  0.  6 

M.  =  1.2 

AMm 

±0. 005 

±0. 010 

ACD 

±0. 0246 

±0. 0262 

ACL 

±0.  0312 

±0. 0299 

ACM 

±0. 0048 

±0.  0049 
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